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Introduction
Since the early 2000s, major achievements in the fight against global hunger have been made:
The number of people suffering from hunger dropped from 927 million to 795 million between (FAO et al. 2015 ). Yet, a quarter of children worldwide are stunted, a sign of chronic malnutrition (De Onis et al. 2012) . Furthermore, micronutrient deficiencies, often termed hidden hunger, continue to be a central nutritional and developmental problem.
Worldwide, over 2 billion people suffer from micronutrient deficiencies (Welthungerhilfe et al. 2014) , which has important individual and societal consequences. Inadequate intake of key nutrients, particularly during early childhood, can impair subsequent physical, cognitive and behavioral development (e.g., Arlappa et al. 2011; De Onis et al. 2012; Grantham-McGregor et al. 1999; Victora et al. 2008 ), which in turn may cause lower productivity and foregone GDP (World Bank 2006b) .
In this paper, we investigate the role of food self-provisioning for the macro-and micronutrient intake of Mongolian households. The context of Mongolia is a particularly interesting case for studying nutrition as the Mongolian population engages in strikingly diverse livelihoods. On the one hand, there are herders who produce a large share of their own food.
The group of herding households comprises both (semi-) nomadic pastoralists who use animal husbandry as their main source of sustenance and households tending smaller number of animals complementary to other income activities. On the other hand, there are urban wage earners who buy most of their food from markets. The three livelihood groups also face different degrees of market imperfections in food and agricultural outputs markets that range from being close to perfect in urban areas to completely missing for at least some food groups in remote rural areas.
Our study analyzes nutritional outcomes among households following three different types of livelihoods that derive food from different sources. We explore nutrient wealth elasticities across and within livelihood groups. Our analysis accounts for the share of calories produced by animal husbandry activities within the household and, separately, for the household's farming activities. Moreover, we explore the impact of one extreme weather event on nutrient intake and food self-provisioning. Our focus is on the extremely harsh 2001/02 winter -called dzud in Mongolian -that caused the death of about 11 percent of the national livestock.
The outcome measures of interest are the daily quantities of calories, carbohydrates, fat (animal and vegetal), proteins (animal and vegetal), vitamin A and iron consumed per adult equivalent. The database for our analyses is the nationally representative HIES/LSMS household survey implemented in 2002/03. The survey provides exceptionally rich data on food consumption: Consumption diaries covering more than 90 food items were filled out by each sample household over a 12 week period.
Our study builds on and adds to the literature focusing on the determinants of nutrition demand in developing countries. Early studies in this field primarily tested empirically whether households' consumption of calories increases when economic conditions improve, irrespective of whether income is generated in agriculture or other economic sectors. Here, the common approach is to estimate the income elasticity of calorie consumption, with consumption expenditures often used as proxy for income (see Strauss and Thomas 1995 for a review of early studies). An emerging field of research focusses on the intake of micro-and macronutrients. This shift in focus is due to the fact that even though households may maintain their calorie consumption when facing higher or lower income, this relationship provides little information on how the consumption of nutrients and dietary diversity responds to changes in income. Overall, results regarding the income elasticity for calories as well as other micro-and macro nutrients are very diverse across empirical contexts (see Skoufias et al. 2009 for a summary).
A related, but rather heterogeneous field of research tackles the link between nutrition and agricultural production at the household level. While many agricultural policies implicitly assume that a strong link exists between agricultural production and food consumption, recent reviews of the literature conclude that robust empirical evidence on this link is still scarce (Carletto et al. 2015; Haddad 2013; Ruel et al. 2013) . Within this field, a small number of studies explore the role of food self-provisioning through the household's own agricultural activities for nutrition.
1 For instance, Muller (2009) analyzes the role of food crop production in rural Rwanda in the mid-1980s, a context in which rural markets work imperfectly and rural households are close to autarkic in important staple foods. Muller finds evidence for a strong relationship between the value of the harvest of the main food crops and the BMI of adults, while this relationship is weak for health outcomes. Moreover, several studies in a special issue of the Journal of Development Studies (Carletto et al. 2015 ) explore the role of food self-production on various outcomes. Azzari et al. (2015) , for example, find that the ownership of different livestock species among poor households in rural Uganda might affect their consumption of animal sourced foods, thus helping improve nutritional outcomes. Hoddinott et al. (2015) analyze the impact of household agricultural production on nutritional outcomes in rural Ethiopia, finding that cow ownership increases milk consumption and reduces stunting, which the authors attribute to market imperfections in the dairy sector. Kumar et al. (2015) investigate the link between agricultural production diversity and dietary diversity at the household level in Zambia, finding a strong positive association between the two.
Our study contributes to this literature in two ways. First, most existing studies capture food self-provisioning with rather coarse measures, such as an indicator variable for cow ownership (Hoddinott et al. 2015; Slavchevska 2015) , an indicator variable for the ownership of a garden (Gibson and Rozelle 2002) , an indicator variable for urban farming or livestock activities (Tasciotti and Wagner 2015) , and the value of crops grown by the household (Muller 2009; Slavchevska 2015) . These coarse measures have two potential drawbacks: On the one hand, they render it hard to grasp the exact contribution of food self-provisioning to nutrition. On the other, it is difficult to pinpoint whether the effect works through an income channel or immediately through the consumption of self-produced foods. To the best of our knowledge, the study by Shively and Sununtnasuk (2015) is among the few controlling explicitly for the amount of self-produced food. Using a similar approach, the rich HIES/LSMS dataset allows us to calculate the share of consumed calories stemming from the household's own production, thus accounting precisely for the extent of food subsistence.
Moreover, we test whether food self-provisioning affects nutrient wealth elasticities.
Second, there is little evidence to date on the effect of shocks on food consumption. Within the small existing literature, studies particularly focus on the impact of food price shocks on nutrition (e.g., Arndt et al. 2012; Block 2004; D'Souza and Jolliffe 2014; Jensen and Miller 2008) . There are few studies directly analyzing the impact of extreme weather events on nutrition. One exception is the study by Arlappa et al. (2011) , which observes a significantly lower vitamin A intake among pre-school children in rural India during severe droughts.
Moreover, despite the severe damage caused by the extremely harsh 2001/02 winter in Mongolia, we are not aware of any quantitative study investigating the causal effects of dzud exposure on Mongolian households.
Results reveal that food self-provisioning affects both dietary quantity and quality. Herding households consume significantly more calories, carbohydrates, animal fats, animal proteins, vitamin A and iron than do non-herding households, holding income and all other factors constant. When accounting for the self-provisioning of food in greater detail, we find that farming food crops has a significant and positive effect on the consumption of calories, carbohydrates, nutrients from vegetal sources, and iron. This effect is especially strong for small-scale herders. In contrast, the self-provisioning of meat and dairy products has ambivalent effects on household food consumption. Herding households that produce a large share of consumed calories through animal husbandry activities have a higher overall intake of energy, nutrients from animal sources, and vitamin A. At the same time, those households consume fewer nutrients from carbohydrates and vegetal sources, the nutrients for which
Mongolian households already have the greatest deficiencies. Moreover, the self-provisioning of food lowers the income elasticities of most nutrients, thus making household food consumption less dependent on short-term fluctuations in income. In contrast to expectations, exposure to the severe 2001/02 winter does not significantly affect household energy intake.
Yet, exposure to the shock reduces the consumption of animal fat for both small-scale and large-scale herding households. In addition, for small-scale herding households living in shock-affected areas, the link between food self-production and nutrition becomes weaker for the intake of calories, carbohydrates, animal proteins, and vitamin A compared to herders in less shock-affected areas.
The paper proceeds as follows. Section 2 provides an overview of livelihoods in Mongolia.
Section 3 introduces the household survey data. The estimation strategy is outlined in section 4, followed by a discussion of descriptive and multivariate results in section 5. The final section concludes.
Livelihoods, well-being and nutrition in Mongolia

Different livelihoods
Mongolia is characterized by an extreme continental climate that features extreme variations in seasonal and daily temperatures. Winters in Mongolia are cold and long, with temperatures dropping to an average of -30° Celsius for several weeks. In rural areas, the climate is most suitable for herding using extensive production techniques, with animals grazed on open rangelands, while there are few opportunities for commercial farming. Thus, "unfavorable climatic conditions severely affect the food system" (Kachondham et al. 1992, p. 226 NSO et al. 2004 ). These poverty rates (calculated from the same household survey data that we draw upon in this paper) are based on food and non-food expenditures, following a Cost of Basic Needs approach (ibid.). The nutritional situation of the Mongolian population is also suboptimal. Recent surveys indicate a large variation in caloric intake, including a group of individuals consuming less than the recommended amount of calories per day (Tserennadmid 2011) . There are persistently high levels of chronic malnutrition among young children, with the proportion of stunted children ranging between 20 and 30 percent (Bolormaa et al. 2003; Groppo and Schindler 2014; National Statistical Office and UNICEF 2007; Public Health Institute et al. 2006) . Vitamin A and iron deficiencies among children are particularly severe (Bolormaa et al. 2003; Lander et al. 2008 ).
Extreme weather events
One commonly identified factor driving poverty in Mongolia is extremely harsh winters (dzuds) that cause mass livestock losses (Goodland et al. 2009; World Bank 2006a) . Dzuds are caused by various climatic conditions, often by a combination of several events (Batima 2006, p. 57; Murphy 2011, p. 32-33 earlier dzuds is informed by stylized facts of the development economics literature, which finds that households commonly practice consumption smoothing when facing shocks (e.g., Ersado et al. 2003; Hoddinott 2006; Zimmerman and Carter 2003) . 4 The socioeconomic consequences of dzuds are severe. The public social safety net had virtually collapsed at the beginning of the transition period and formal insurance markets are not well developed in rural Mongolia. Apart from emergency aid provided by the government and international agencies on an ad hoc basis, herding households were largely left to their own devices, using informal strategies to cope with the consequences of dzuds (Skees and Enkh-Amgalan 2002 ). Yet, given the severity and covariate nature of dzuds within localities, the effectiveness of informal risk management mechanisms is limited; consequently, "high levels of livestock mortality are often unavoidable even for the most experienced herders" (Mahul and Skees 2007, p. 10) . A large number of herders lost a large share of their herd and could no longer sustain a livelihood in the herding economy. Between 1999 and 2002, the number of herding households dropped by 7.36 percent (NSO 2003) .
Data
Our The total amount of nutrients consumed in the household is then scaled to 6 In the months of February and July, the consumption of food and non-food items is exceptionally high, as two major festivities take place during these months (as described in greater detail in section 5.1). For this reason, we exclude February and July from all analyses (except Figure 1) . To avoid bias stemming from considering different numbers of months per household, we also omit observations from the first month of the other two quarters (April and October) from the analysis and only keep those households that completed the consumption diary for the two remaining months in the quarter. 7 The data contain detailed information on the number of guest nights in each month. The total of these guest nights divided by the number of days per month is then added to the household size as average additional household member when calculating nutrition levels at the individual level.
8 Seven food items from the household questionnaire are not reported in the food composition table. Their nutrient content is proxied with the nutrient content of similar food items.
household composition. Specifically, adult equivalent ratios that take the age of household members into account are used.
10
The measures obtained indicate the quantity of nutrients consumed per day per adult equivalent. It is important to note that these measures do not represent actual food consumed per individual, as it is not observed how food is allocated among household members. Instead, the measures represent proxies for food consumption, assuming that food was shared according to the age factors used in calculating adult equivalent ratios. Great care was given to perform quality checks and detect potential outliers in the nutrition variables. Following common practice in the literature (e.g., Skoufias et al. 2009 ), we exclude all observations exhibiting daily per adult equivalents of calorie consumption below 500 or above 6000
calories. 11 The NSO has implemented HIES regularly since the 1960s, thus both the diary design, the number of food items recorded, as well as data collection and processing procedures are settled. This underscores the reliability of the nutrition data.
Household income -collected on a monthly basis at the same time as the consumption diaries -consists of five components: income derived from wage work, non-agricultural enterprise, transfers (remittances, pensions, and rents), herding, and farming. Income was adjusted for seasonal and locational price differences, using a Paasche price index. 12 Income is expressed in adult equivalents and normalized per day. We exclude households below the 1 st percentile and above the 99 th percentile of the distribution of income. This leaves us with a sample of 2,788 households.
Based on the diaries, we also calculate households' expenditures on food and non-food consumption. The food component of expenditures consists of food purchases and selfprovisioned food. To derive a monetary value of self-provisioned food, we first calculate unit prices for all food items that are purchased in markets across various administrative levels (enumeration area, sub-district, district, province, and country) for every month of the year.
The quantity of self-provisioned food is then multiplied with the unit price at the lowest level for which prices are reported from at least eight households. For food items for which very few households reported prices or for which reported prices showed a high spread, we rely on the quarterly food price survey that collects shop prices of various food items at the district level. The non-food component of expenditures consists of household expenses for 242 items that were recorded in the consumption diary. These include education, health, clothing, jewelry, recreation, household goods, durables, housing, transportation, and communication.
The total value of household consumption expenditure is again expressed in adult equivalents, normalized per day, and adjusted for seasonal and locational price differences.
Information on durable ownership -which is used for a robustness test -is obtained from the LSMS questionnaire, which records the current monetary value of an extensive list of 47 durables that include home appliances, furniture, electronic equipment, means of transportation, jewelry, and dwelling. The total value of all items owned was aggregated into one measure. For herders, we include a separate measure of livestock holdings (i.e., the number of animals owned).
Estimation strategy
The aim of our analysis is to investigate the role of food self-provisioning for nutrient intake.
As a first step, we analyze nutrient wealth elasticities across different livelihood groups that differ strongly in the extent to which they produce food within the household economy. Next, we explore in more detail the impact of the self-provisioning of food on nutrient consumption within livelihood groups. In a third step, we investigate the effect of an extreme weather event on nutrition patterns and the role of food self-provisioning.
Following standard practice in the literature on nutrition, the theoretical starting point for our investigation is household utility (e.g., Behrman et al. 1997; Pitt and Rosenzweig 1985; Rashid et al. 2011) . We base our analysis on the agricultural household model taking market imperfections -mainly incomplete food markets due to remoteness -into account. Household utility is thus not only a function of the household's consumption but also of its production decision/ production factors (Singh et al. 1986 ).
First, we explore the heterogeneity in nutrition patterns and the nutrient wealth elasticities across different livelihoods. We employ a reduced form equation and estimate the determinants of nutrient consumption for household i in province j in month k as follows:
ln (Nut ijk ) = α 0 + β 1 herder i + β 2 herder i + β 3 ln (income i ) + β 4 X i + β 5 Z i + α 1 ln (price index jk ) + α 2 province FE j + α 3 month FE k + ε ijk
( 1) where Nut represents the natural logarithm of daily quantities consumed per adult equivalent of a given nutrient. We employ six macronutrients as outcomes (calories, carbohydrates, animal proteins, vegetable proteins, animal fats, and vegetable fats) and two micronutrients (iron and vitamin A).
We first estimate Equation 1 for the full sample of households, including two indicator variables for small-scale and large-scale herding households. We define as small-scale herders those households that own 99 or fewer animals and, thus, self-provision at least some of their consumption needs (45 percent of sample households). Large-scale herders are defined as those with a herd size of 100 animals or more (19 percent of sample households). In
Mongolia, this threshold is commonly considered the minimal herd size to derive a livelihood from herding (Goodland et al. 2009 ). We then estimate the model separately for small-scale herders, large-scale herders, and non-herding households. This way, we analyze the link between agriculture and nutrition within relatively homogenous groups of households that share similarities in market access and market characteristics. Income stands for the daily income per adult equivalent. As both income and outcomes are logarithmically transformed, the coefficient can be interpreted as elasticity. We prefer income over consumption expenditures to measure household wealth for two reasons: First, most rural households produce and consume their own meat and dairy products. Markets and, hence, prices for the most important food products do not exist in rural areas. Thus, assigning realistic values for food produced and consumed within pastoralist households is challenging.
Moreover, the population density in Mongolia is extremely low, with about 1.58 people per 13 Hoddinott et al. (2015) use a similar approach of splitting their sample of Ethiopian households by market access.
square kilometer in 2002 (NSO 2003) . This makes it even more difficult to derive a monetary value for food produced by pastoralists, who often have their campsites far from the nearest market. Second, there is a specific disadvantage of using food consumption expenditures as wealth measure: The outcome variable and the wealth measure would be derived from the same original survey question, which may create correlated errors and upward-biased results (e.g., Bouis and Haddad 1992) . As a robustness test, we employ alternative wealth measuresconsumption expenditures for food and non-food items, as well as the value of durables and the number of livestock owned -and obtain similar results, as will be discussed below.
The estimation of the determinants of nutrition demand is challenged by an endogeneity problem, which is widely discussed in the literature on the subject (Bouis and Haddad 1992) .
Not only can household wealth influence nutrient intake but nutrition can impact household income, particularly through the wages a person can earn if he or she is in a better physical condition due to better nutrition (Strauss and Thomas 1998) . In addition to this potential reverse causality, the estimated effect of wealth could be biased by an omitted variable that affects both wealth and nutrition. We address this issue by employing an instrumental variable approach as a robustness test. Household income is instrumented by the median income in the enumeration area; household total consumption expenditures are instrumented by the median non-food expenditures in the enumeration area. This choice of instruments follows the study by Skoufias et al. (2009) .
We also control for production factors (vector X). This way, we account for the fact that in the presence of market imperfections, household consumption and production decisions are no longer separable (Singh et al. 1986 ). Most importantly, for herding households we control for the number of livestock each household owns. While the number of livestock holdings is subject to the household's decision-making, we argue that, for two reasons, livestock holdings can be considered fixed in the medium term, thus being independent of the household's food consumption decisions. First, during the socialist era, most livestock activities were organized in collective production units characterized by a very high division of labor, while households were only permitted to own a limited number of private livestock. With the beginning of the transition period in the early 1990s, cooperatives were privatized based on a voucher system with individuals given asset shares and livestock from the former cooperatives (Bedunah and Schmidt 2004; Schmidt 1995) . Thus, households were allocated most of their initial animal stock only 10 years before the survey period. Second, two consecutive winter disasters in 1999/00 and 2000/01 -immediately prior to our period of investigation -resulted in mass livestock losses, further exogenously decimating herd sizes. Furthermore, we include the distance to the nearest water source, which is relevant for both herding and farming activities given the dry climatic conditions in Mongolia. Lastly, we control for vehicle ownership and the distance to the nearest health center. 14 The latter measures remoteness, indicating both the household's non-herding income generating opportunities and the degree of householdspecific market failures. For several reasons, herders' location -and hence the distance variables -can be considered exogenous (at least in the medium term). While land is state property, there are complex systems of customary rights over campsites. For instance, by investing in shelters, building up animal dung, as well as constructing and maintaining wells, herders underline their use rights over campsites. In addition, despite the extremely low population density in rural Mongolia, grazing land surrounding settlements have been overexploited (Goodland et al. 2009 ). Thus, conflicts between herders over good pastures that have access to fresh water and suitable campsites are common. Use rights over campsites are also passed on from generation to generation.
The vector Z represents household-level controls. 15 These include household size, the dependency share (the share of economically inactive household members), whether the head of household is female, age of the head, and education of the most senior woman in the household (in years). The latter reflects the predominant role mothers play in the nutrition of household members and, in particular, children (e.g., Block 2004) .
Province fixed effects account for the fact that both demand and supply factors for food may differ across provinces. These include, for instance, the supply of regionally grown food products, regional consumption habits, the potential for agricultural activities (such as soil quality, vegetation, and climate) and the proximity to the capital city Ulaanbaatar, which influences both the prices and the availability of imported foods. Month fixed effects control for seasonal differences in food prices, which fluctuate considerable across the year. Also, daily calorie requirements are much higher during the extremely cold winter months, 14 Both the distance to the nearest water source and the nearest health center are logarithmically transformed. Simply transforming a distance of zero km into a very small distance before taking the logarithm might lead to biased estimates. To avoid losing households that live directly next to a water source or health center, we follow the approach discussed by Battese (1997) . Our regressions include two variables for each distance measure: D and log(distance+D), where D is a dummy variable that takes the value of one if the household reports a distance of zero or less than two km and zero otherwise. 15 We also use discriminant analysis in order to identify further control variables, given that few of the theoretically predicted covariates are statistically significant. One possible explanation is that the empirical context of our study -namely a large share of herders in the population who pursue a livelihood as nomadic pastoralists -may be rather different compared to empirical settings analyzed in the existing literature. Results from discriminant analysis pointed toward the importance of time and regional effects for making households "low consumers". 
The food self-provisioning vector comprises two variables. First, for herding households, we employ the share of consumed calories from meat and dairy products that a household selfprovisions through animal husbandry out of the total amount of calories consumed by the household. Second, for both herding and non-herding households, we include an indicator variable taking the value one if a household consumed any fruits, vegetables, or other selfproduced crops. 16 In remote areas, the commercial supply of fresh fruits and vegetables is limited. Thus, although farming activities are mostly small scale, often consisting of backyard gardening, this may still be one way to reduce the prevalent deficiencies in vitamins and enrich the dietary diversity of households. Besides exploring the level effects of food selfprovisioning, we also interact these variables with income. This allows us to explore whether the self-provisioning of food affects the nutrient wealth elasticities.
One concern that arises in this reduced form model is that there may be unobserved factors at play that influence both the extent to which households are autarkic in their food production and the error term. We acknowledge that concerns of endogeneity (and also reversed causality) could only be fully ruled out with panel data, an instrumental variable approach, or some agricultural intervention implemented with randomization, none of which is available in this context. 17 Yet, we hope to minimize concerns of endogeneity by two factors. First, we purposefully define the extent of food self-provisioning in relative terms, as share of total calories consumed. This approach reduces the bias stemming from differences in absolute levels of nutrient intake. Second, we estimate the model separately for small-scale herders, large-scale herders, and non-herding households, assessing the effect of food selfprovisioning within each livelihood group. By definition, the self-provisioning of food differs strongly across the three livelihood groups and reflects varying market access. Moreover, by estimating the model separately for each livelihood group, we avoid modelling the decision to follow a herding livelihood -and thus self-provision meat and dairy products at all.
Third, we test whether exposure to the 2001/02 dzud influenced nutrition intake and the selfprovisioning of food among herding households. The HIES/LSMS survey questionnaire does not record household-level information on exposure to the shock. Thus, we must resort to district-level data to construct a measure of shock intensity. 18 We use historic livestock census One potential limitation inherent in this analysis is that dzuds are a very local phenomenon and hence a district-level shock measure may be too coarse. On average, districts have an average size of 4,600 square km and a population of 7,200 (NSO 2003) . Unfortunately, all identifying information on households' residence below the district level is removed from the survey data. Therefore, we have to work with this data limitation. The sample size is reduced by 64 households, for whom information on the district of residence is missing. 19 In principle, one could also derive a measure of dzud intensity based on weather data. Yet, the dzud was caused by a combination of unfavorable weather conditions occurring over a relatively long time span, as outlined in section 2.2. Aggregating various sub-measures of climate conditions into one common index is not trivial (Tachiiri et al. 2008 20 See Groppo and Schindler (2014) for details on the construction of the index and the data source.
of this assumption: First, the severity of the 2001/02 dzud was extreme. Sheep mortality in 2002 was as high as 72 percent in some survey districts. Second, the occurrence of dzuds in three consecutive winters (although not occurring in the same localities) is extremely unusual.
In addition, the shock measure is interacted with the two food self-provisioning variables.
This way, we explore whether dzud exposure changes the role food self-provisioning plays for nutrient intake. However, we caution that the estimated coefficient should only be interpreted as correlation rather than causality given that households might change the amount of food self-provisioning in response to the shock but also as preemptive measure.
Results
Nutrition patterns across livelihood groups
Mongolian household food consumption follows distinct seasonal patterns. serve an important economic function in renewing informal risk sharing networks. Table 2 provides unconditional statistics on the availability and adequacy ratios of various nutrients across livelihood groups. The overall energy intake for small-scale and large-scale herders is 2,270 and 2,580 calories per day per adult equivalent, respectively. This corresponds closely to the recommended energy intake in Mongolia. In contrast, the calories consumption of non-herding households is much lower: Those households consume an average of 2,000 calories per day per adult equivalent, which corresponds to an adequacy ratio of only 80 percent. and large herds consume about 10.0 percent and 20.6 percent more calories and 9.5 percent and 18.6 percent more iron, respectively, than do non-herding households. The estimated coefficients are statistically significant at the 1 percent level. Although the energy needs of herders are higher due to their strenuous work outside, these households are also able to consume more of the other nutrients studied than basic needs call for, thus making their overall nutritional situation appear better than that of non-herding households. Yet, it is not only nutrient intake and the amount of self-provisioned food per se that differs across livelihood groups. Various household and environmental characteristics have a differential impact on nutrition for households following different livelihoods. Therefore, in the following, all regressions are estimated separately for each of the three livelihood groups.
As a next step, we explore the nutrient income elasticities across livelihoods (Table 5) . As robustness test, we estimate the nutrition provision function (Equation 1) separately for two alternative wealth measures (consumption expenditures and assets). 23 Results are in line with our findings for the nutrient-income elasticities: All of the estimated nutrient wealth elasticities are positive and almost all are statistically significant. When comparing the various nutrient wealth elasticities, we find that the consumption expenditure elasticities are much higher than the income elasticities for nutrient intake. This result holds for all three types of households studied and for all eight nutrients. This could suggest that households are relatively well equipped to cushion short-term income fluctuations, while their nutrient intake responds more strongly to changes in permanent income. Pitt and Rosenzweig (1985) for an in-depth discussion.
23 Each of the elasticities displayed is obtained from a separate regression that includes the complete set of socio-economic controls as well as province and month fixed effects as used in Table 4 . 24 Yet, the estimated low elasticities of durables contradict this interpretation (with the calorie durables elasticities ranging between 0.02 and 0.06). One would expect household durables to be a valid indicator of long-term income and thus their elasticities should be higher. Nevertheless, the finding of low durables elasticities could be due to the specific Mongolian context: On the one hand, nomadic households possess relatively few assets; on the other hand, the process of transition toward a market economy that started some 10 years prior to the data collection was not yet complere. Therefore, we argue that in 2002 -when the data analyzed here were collected -asset holdings do not reflect permanent income of households well.
Furthermore, OLS and IV approaches yield very similar results for the nutrient elasticity of income and consumption expenditures, both in terms of the level of significance and the magnitude of the estimated elasticity. This holds for all nutrients and for all three groups of households. Therefore, we are confident that our results are not driven by endogeneity and omitted variable problems. 
Accounting for the amount of food self-provisioning
In this section, we exploit differences in the extent of food self-provisioning within livelihood groups and investigate its impact on the intake of nutrients. Descriptive statistics show large differences between the three groups of households in terms of the extent of self-production of food (Table 3 ). About 14 percent of both small-scale and large-scale herders cultivate food crops, compared to only 4 percent of non-herding households. Small-scale and large-scale herders provision between 21 and 35 percent of the calories consumed within the household through animal husbandry, respectively. Large-scale herders are close to self-sufficient in meat and dairy products (producing 86 and 72 percent of the consumed calories of meat and dairy products, respectively), while small-scale herders produce about half of the consumed meat and dairy products within the household economy. 26 In turn, the quantity of meat consumed varies across livelihood groups: non-herding households, small-scale herders and large-scale herders derive on average 14, 20 and 25 percent, respectively, of their calories from meat. These unconditional statistics point toward some overall effect of food selfprovisioning on the consumption of nutrients, which we investigate in greater detail in a multivariate framework below. The three livelihood groups also face different price levels.
While prices paid per kilogram of flour are similar, non-herders pay 6 percent and large-scale herders almost 14 percent more per kilogram of carrots than small-scale herders. This is likely to be a result of differences in market access as well as in the costs for transporting vegetables from their production sites to markets in province centers or the capital city.
Next, we estimate the effect of food self-provisioning on nutrient intake using a multivariate regression (Table 6 ). Results indicate that food self-provisioning has a significant impact on the amount of different nutrients consumed for both small-scale and large-scale herders. This effect is most pronounced for small-scale herding households (Panel A) that derive their sustenance from multiple sources. For those households, consuming crops from own farming has a statistically significant and positive effect on the intake of calories, carbohydrates, and nutrients from vegetal sources. For instance, small-scale herding households that do farming activities consume an average of 6 percent more calories per day per adult equivalent than small-scale herding households that do not farm. The magnitude of the effect of food selfprovisioning through farming is particularly large for vegetal fats -for which small-scale herding households exhibit the largest deficiencies.
In contrast, the provision of meat and dairy products through the household's animal husbandry activities has ambivalent effects on the household's diet. On the one hand, the share of calories from own animal husbandry is significantly and positively related to the intake of calories. 27 For instance, for large-scale herders with average income, increasing the share of calories from own production by one percentage point is associated with a 0.39 percent higher calorie intake (Table 6 , Panel B). The intake of vitamin A and nutrients from animal sources responds disproportionately to an increase in the share of selfprovisioned food. For both types of herding households with average income, a one percentage point increase in the share of calories from own production is associated with a 2.5 percent increase in the intake of animal fat. On the other hand, the share of food consumed from own meat and dairy production significantly decreases the intake of carbohydrates and nutrients from vegetal sources. The effect is economically large: For small-scale herders with mean income, increasing the share of self-provisioned calories from own animal husbandry by one percentage point reduces the intake of vegetal fat by 1.43 percent. Farming only partly counteracts this effect. Thus, food self-provisioning seems to entail substitution effects that change the composition of the household's diet. In particular, a higher share of calories from own animal husbandry is associated with a higher specialization in the consumption of meat and in turn with a worsened nutritional situation for nutrients from vegetal sources for which households exhibit already the greatest deficiencies.
Interestingly, the self-provisioning of food also influences some of the nutrient income elasticities. For instance, for small-scale herding households (Table 6 , Panel A), the interaction term between income and the share of calories from own animal husbandry is statistically significant and negative for animal fat and vitamin A. Thus, for small-scale 27 As robustness test, we also estimate Equation 2 with the share of calories consumed from own meat and dairy production transformed into a binary variable. All results described here still hold, irrespective of whether the cutoff is set at 25, 30 or 35 percent of calorie consumption from own production.
herders producing a relatively large share of calories within the household, the intake of those nutrients is less dependent on short-term fluctuations in income compared to small-scale herders that buy most of their food in the market. We obtain similar results for the income elasticities of calories, carbohydrates, nutrients from vegetal sources, iron, and vitamin A for non-herding households that farm (Panel C). For all of those nutrients, consuming crops from own farming reduces the income elasticity of nutrient intake. In contrast, for herding households with large herds, the self-provisioning of food does not influence the nutrient wealth elasticities. Thus, it seems that the self-provisioning of food stabilizes consumption patterns for small-scale herders and non-herding households, both of which produce only minor shares of their food within the household. observe the absence of positive effects of meat self-production on other food groups, but even a negative effect on the intake of other food groups. One possible explanation is that herding households that are highly self-sufficient in meat reside in remote rural areas that render transportation costs to the next district center costly. Thus, there may be household-specific market failures for other food items, including perishable vegetables. To further explore this channel, we interact remoteness -measured by the distance to the next health center -with the food self-provisioning variables (results available upon request). Interestingly, the negative effect of the share of calories consumed from own meat and dairy production on the intake of carbohydrates and nutrients from vegetal sources is no longer significant for largescale herders that reside in the proximity of a health center and, thus, have better market access. Thus, household-specific market failures seem to exist for households living in remote areas. The self-provisioning of food could be, to some extent, a substitute for market access.
Impact of the 2001/02 dzud on nutrition
Last, we test whether the extremely severe winter of 2001/02 influenced food consumption and the self-provisioning of food among herding households. An unconditional comparison of average energy intake of households living in districts with high and low shock intensity (above and below the 80 th percentile of the distribution of standardized sheep mortality) does not show systematic patterns: Against our expectations, calorie intake is not systematically lower in severely affected districts. This finding is also obtained when using different thresholds (85 th or 90 th percentile) to define severely affected districts. In contrast, total real consumption expenditures of both types of herding households get significantly lower in the second half of the year in districts with high shock intensity. This could suggest that exposure to the dzud leads to a longer-term reduction in consumption. Note that this specification also includes month and province fixed effects, income, and the complete set of socio-economic controls as discussed above. 28 We do not find evidence for a significantly negative effect of the dzud on the intake of calories. This holds for both smallscale and large-scale herding households. This finding fits well with the results of two other studies on dzud in Mongolia by Bolormaa et al. (2003) and Siurua and Swift (2002) . 29 Both studies find that households were able to maintain their energy intake, despite the severe damages caused by the dzud.
However, for both small-scale and large-scale herders, the 2001/02 dzud had a significant and negative effect on the consumption of animal fat. A one standard deviation increase in dzud intensity decreases the intake of animal fat by 12.8 percent for small-scale herding households with an average share of food self-provisioning. This could indicate that in times of stress, households with small-scale livestock activities substitute away from the consumption of livestock products in order to not deplete their herd further.
Exposure to the shock also significantly affects the food self-provisioning-nutrition nexus.
Again, this result is much more pronounced for small-scale herders. The interaction term between sheep losses and the share of calories from own animal husbandry is statistically significant for calories, carbohydrates, animal proteins, and vitamin A. Thus, for small-scale herders living in severely affected districts, the effect of food self-provisioning on the intake of calories, animal proteins, and vitamin A remains positive but is smaller in magnitude compared to small-scale herders living in unaffected districts. In contrast, the negative effect 28 The magnitude and level of significance of these variables remain very similar after the inclusion of the shock measure.
food self-provisioning has on the household's carbohydrate consumption is stronger in dzudaffected areas than unaffected areas. Overall, these correlations between shock intensity and food self-provisioning are only observable for the self-provisioning of meat and dairy products, but not for non-meat agricultural products. This suggests that the potential dzud effect manifests itself through household-level livestock losses.
Discussion
In this paper, we use nationally representative household survey data from 2002/03 to investigate the role of food self-provisioning for the nutrient consumption of households in
Mongolia. The data entail exceptionally detailed information on households' food consumption, which were recorded with consumption diaries over a period of 12 weeks for each household. The outcomes of interest are the daily quantities consumed per adult equivalent of six macronutrients (calories, carbohydrates, animal proteins, vegetable proteins, animal fats, and vegetable fats) and two micronutrients (iron and vitamin A). Our analysis distinguishes between the three prevalent Mongolian livelihoods: urban wage employees, rural households with small-scale animal husbandry activities, and pastoralist households owning large herds. Those three livelihood groups derive food from different sources: in urban areas, food is mostly obtained from shops and markets, while in rural areas, households produce almost all of their own dairy products and meat. The three livelihood groups also face different degrees of market imperfections for food and agricultural output that range from being close to perfect in urban areas to completely missing for some food groups in remote rural areas.
Results show that food consumption patterns differ significantly across the three livelihoods.
We find that both small-scale and large-scale herding households consume significantly more of each nutrient than non-herding households. This suggests a better overall nutrition situation of herding households than non-herding households, which cannot solely be attributed to different consumption needs due to different physical activity patterns. The wealth elasticity of nutrient intake is almost always statistically significant, positive, and remarkably similar across livelihood groups. The estimated elasticities for calories range between 0.15 to 0.18 for income, 0.36 to 0.43 for consumption expenditures, and amount to 0.03 for durables. An instrumental variables approach yields very similar estimates for both instrumented income and instrumented consumption expenditures, suggesting that results are not driven by reverse causality or correlated measurement errors.
Farming food crops improves the nutritional situation of small-scale herders. Their intake of calories and nutrients from vegetal sources is increased if they pursue small-scale agricultural production. In contrast, the provision of meat and dairy products through animal husbandry activities has ambivalent effects on the household's diet. On the one hand, the share of calories from own animal husbandry has a significantly positive effect on the intake of calories, vitamin A, and nutrients from animal sources of both small-scale and large-scale herding households. Another positive aspect of food self-provisioning is that it significantly reduces income nutrient elasticities among small-scale herders and non-herding households.
In other words, for households that produce a small share of the food within the household, food self-provisioning makes food consumption patterns less dependent on short-term fluctuations in income. On the other hand, the share of food consumed from own meat and dairy production significantly decreases the intake of carbohydrates and nutrients from vegetal sources among herders. Thus, food self-provisioning seems to entail substitution effects that change the composition of the household's diet and in turn worsen the nutritional situation for those nutrients for which households already exhibit the greatest deficiencies.
We interpret this finding in light of household-specific market failures caused by remoteness, which renders transportation costs to the next market prohibitively expensive.
In contrast to expectations, exposure to a severe shock -the extremely harsh 2001/02 winter that caused mass livestock death -does not reduce household calorie consumption. However, exposure to the shock significantly reduces the intake of animal fat for both types of herding households. The food self-provisioning-nutrition nexus also changes with dzud exposure: In dzud-affected areas, the positive effect of food self-provisioning on the intake of calories, animal protein and vitamin A is smaller compared to less exposed areas for small-scale herding households. This provides evidence for the hypothesis that households employ substitution strategies to keep overall energy intake constant.
Several policy implications can be drawn from our results. First, to improve the nutritional situation of the population, flexible policy is needed to cater for diverse livelihoods that follow distinct food consumption patterns and, therefore, differ substantially in their nutrient adequacy ratios. Second, in rural areas, shortages in the supply of fresh foods appear to be prevalent. Small-scale farming seems to be a potentially effective channel to ameliorate the prevalent low adequacy ratios in the consumption of vegetal fats among the rural population.
Moreover, enhancing the supply of foods that cannot be produced in the local climatic conditions is an area for policy interventions. Third, income elasticities are highest for vitamin A (0.12 to 0.36) and vegetal fat (0.30), for which both herding and non-herding households have the lowest adequacy ratios. This suggests that income transfers could potentially improve the dietary quality of Mongolian households. Small-scale herding households Large-scale herding households Non-herding households Notes: The dependent variables, income, the distance to the nearest water source and health center, and the price index are logarithmically transformed. For each distance measure, two variables are included (Battese (1997) ): D and log(distance+D), where D -here named "Household lives at a health center/ water source" -is a dummy variable that takes the value of one if the household reports a distance of zero or less than two km and zero otherwise. Displayed are coefficients estimated with OLS with * significant at 10%; ** significant at 5%; *** significant at 1% and standard errors in parentheses. For each household, two months of data from consumption diaries are used. 
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